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1 Abstract 

This objective of this project was to develop methods for achieving high reliability through 
testing. We looked at both technology dependent faults and design faults. Testing is used as 
the major approach to identify faults. 

The project looked at testing at multiple levels. Some of the investigations were carried out 
at the transistor level. We also examined the problem of testing at the chip level where we 
used some of the results obtained at the lower level. The technologies examined were primarily 
CMOS and BiCMOS. We have taken a critical look at faults in the storage elements, which have 
not been examined by the researchers before. Some of the results were extended for memory 
systems which are arrays of storage elements. We also looked at IDDQ based testing, which is 
a new approach that is now receiving considerable attention. 

Design faults are the primary source of software failures. They are now also becoming impor- 
tant for complex hardware designs. We have looked at testing based techniques for eliminating 
design faults as well as methods to evaluate the effectiveness of such testing. 

We have obtained a number of ground-breaking results which have been reported in the 
literature. We expect that our work will influence not only the research being conducted at 
industrial or research organizations but also commercial implementations. 

The research results are broadly classified in the next section. 

2 Research Results 

The related publications are indicated by the numbers as used in the list of publications below. 

2.1 Technology Specific Testing 

The major focus here has been on BiCMOS technology. In this technology, some of the limi- 
tations of CMOS are overcome by use of bipolar technology. We have identified some specific 
testing problems with BiCMOS. The problem of transistor level fault modeling is addressed in 
[2,6,22,39,41]. A new testable design for stuck-open faults is presented in [5,21]. Test genera- 
tion for BiCMOS is considered in [1,3,19,24]. A new high-speed BiCMOS domino technology is 
presented in [7]. In addition fault modeling in ECL devices was addressed in [2,23,29]. 

2.2 IDDQ Testing 

The quiescent power supply current IDDQ is very sensitive to some of the important kinds of 
failure modes in VLSI. IDDQ testing has now been accepted in industry and has started to play 
a significant role in achieving low reject rates with a limited testing time. We have examined 
the issues of resolution available with IDDQ testing in [12, 32]. The impact of Built-in Current 
sensors is evaluated in [18]. We have developed a new static memory architecture that allows 
high speed IDDQ testing [8,Pat.l]. It uses differential monitoring of elevated IDDQ and allows 
blocks to be accessed in parallel for high speed testing. 



2.3 Storage elements/arrays 

In the past only limited attention had been paid to faults within the storage elements. We have 
examined the affect of transistor level defects in storage elements and have shown that some 
of the resulting faulty behavior patters can not be modeled by existing models [2,25,29,34,40]. 
We have also examined fault modeling in static RAMs which are arrays of storage elements 
[8,9,14,30]. The papers [13,31] address testing of unclocked circuits. 

2.4 Reliability Growth for Design faults 

Some experimental software failure data has now began to become available that allows us 
to develop accurate models and techniques for evaluating reliability growth. The hardware 
verification community has started to look at software testing based techniques. Our results 
on reliability growth models and computational techniques have been reported in [17,26,28,36]. 
The papers [35,37,38,book-chapter2] report that in some cases, neural net technique can be 
effectively used to project software reliability. Different testing strategies can very significantly 
vary in effectiveness, [4,5,16,20,42,43] look at related issues. Our work on static estimation 
[4,20,33,42] include a new model for fault exposure ratio. A new test generation approach 
termed Antirandom Testing is reported in [10]. Preliminary ideas on a new integrated software 
tool were presented in [11]. A new model for calculating reliability using test coverage has been 
proposed and evaluated in [16]. 
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